87 repeated ditags. The latter were counted only once to eliminate potential PCR bias of the quantitation, as described in the text. 11. J. H. Han, L. Rall, W. J. Rutter, Proc (1) . This "molten globule" intermediate is slightly expanded relative to the native form of the protein, with a radius of gyration (R ) of 23 (+ 2) A versus 19 (+ 1) A (2), and shows stable secondary structure (3) in the A, G, and H helices ( Fig. 1) .
We demonstrated recently, with the use of stopped-flow circular dichroism and pulse-labeling hydrogen exchange measurements, that the earliest detectable intermediate (formed within 6 ms) in the apoMb kinetic refolding pathway closely resembles the equilibrium molten globule state popu-A I Fig. 1 . Sketch of the structure of holo-myoglobin, illustrating the location of the A, G, and H helices, which are present in both the equilibrium and kinetic folding intermediates of the apoprotein. lated under acid conditions (4 It is unnecessary to invoke specific models to reach this conclusion. Indeed, the low resolution of SAXS data and the uncertainties inherent in time-resolved SAXS measurements make it both inappropriate and unwise to attempt to interpret the current data in terms of specific structural models. Taken as an upper bound, the 23 (± 2) ARg obtained at 100 ms illustrates that the first intermediate observed in the kinetic refolding reaction of apoMb is at least as compact as the equilibrium "molten globule" state of apoMb. The fact that this Rg value is only 1 A greater than the value measured for the fully refolded protein, together-with the great similarity of the actual SAXS data at 100 ms to the data from the refolded protein, suggests that the kinetic intermediate may be nearly as compact as the native state itself (10). SAXS data collected during the first 20 ms of folding indicate these same results, but with a lower signal to noise ratio (1 1). Thus the present experiments provide a direct measurement of the size of the early kinetic folding intermediate of apoMb.
David Eliezer Patricia A. Jennings*crystal monochromators, providing the additional flux necessary for studies at protein concentrations low enough to avoid dimerization of highly association-prone folding intermediates. 8. Refolding was triggered by rapid dilution of 10 mg/ml protein in 5.6 M urea to 1.4 mg/ml protein in 0.8 M urea. The dead time of the rapid mixer (Unisoku Inc., Osaka) is on the order of 10 ms. Kinetic data were accumulated from 1200 individual mixing events. Radii of gyration were extracted from the background-subtracted data using Guinier fits to the region K = 0.034 to K = 0.063 where K, the scattering vector amplitude, equals 4arsin(0/2)/X (0 is the scattering angle and X is the x-ray photon wavelength). 9 
